(This report has been reviewed by the staff of the California Air Resources Board and has been approved for publication. Approval does not signify that the contents necessarily reflect the views and policies of the Air Resources Board, nor does mention of trade names or commercial products constitute endorsement or recommendation for use.) preparation, and analysis --was used in this study. In this method, sizefractionated aerosol samples were collected using a high-volume dichotomous virtual impactor which employed PTFE filters. A section of each filter was leached in 10-4 N HCl for 1 hour at 85°C. The concentrations of As(III) and As(V) were then determined from a single sample aliquot by a two-step reduction procedure employing Zn metal powder and NaBH 4 • The arsenic species produced during each reduction step (arsine) was then detected by flame atomic absorption spectroscopy. Using this method, results were obtained for the recovery of arsenic standards added to unexposed and collected filters. These data indicated this method can be used to quantitatively determine concentrations of As(III) and As(V) in atmospheric particulate matter samples. Size-fractionated aerosol samples were collected in the City of Industry during January and February of 1987. In most samples, As(III) and As(V) were above the detection limit (approximately 1 ng m-3 of either species) in both aerosol size-fractions.
Introduction
California's air toxic law became effective in January, 1985, and defines Under this legislation, a statutory mandate was created for the identification and control of toxic air contaminants found in California.
One of the mandated criteria used in the identification process to prioritize compounds which are believed to be hazardous to human health is its ambient concentration.
The ) is the predominant arsenic species emitted into the atmosphere from these types of industrial sources.
A variety of analytical methods currently exist for measuring total arsenic at concentrations present in the atmosphere. However, to date, only a method proposed by Solomon concentrated on determining the inorganic species of arsenic [arsenite, As(III); arsenate, As(V)] in atmospheric particulate matter. 12 In that study, particular attention was given to the measurement of these species while maintaining the initial As(III)/As(V) ratio during the sample collection, preparation, and analysis steps. An analytical detection limit of 25 ng was obtained for either species in a given sample aliquot. An average As(III)/As(V) ratio was reported for total suspended particulate matter (TSP) collected in
Tucson, Arizona of about 0.31 ~ 0.29 with a range from less than 0.04 to 0.97.
The average atmospheric concentrations of As(III) and As(V) were about 1.6 + 1.4 -3 -3 ng m and 5.4 + 3.3 ng m , respectively.
To help assess the impact of these potentially toxic species on human health, size-fractionated samples of atmospheric particulate matter should be obtained, with an emphasis on particles which are most efficiently collected in the lungs (i.e., particles less than 2.5 m aerodynamic diameter). The HVDVI, when operated at about 400 1 min-1 , has a cutpoint (50 percent collection efficiency) of about 2. 5 ]Jm aerodynamic diameter (AD). Thus, the fine particle filter collected particles less than 2.5 ]Jm AD, while the coarse particle filter collected particles greater than 2.5 )Jm AD.
Immediately following sample collection, the loaded filters were removed from the sampler and brought back to the lab. The HVDVI filters were placed individually into glass petri dishes, sealed, and then placed into plastic zip-lock baggies. The samples were then stored in a freezer from one day to several weeks until they were analyzed.
Sample Preparation and Analysis
Two sample preparation procedures for determining the inorganic species of arsenic were tested. Method A was the original semimicro technique developed by The vial and sample were allowed to cool to room temperature before analysis. A 1.0 ml aliquot of the sample leachate was then analyzed for As(III) and As(V) by the Zn-NaBH 4 method described below.
In method B, up to one quarter of the filter was sectioned and placed in a 15 ml Teflon vial fitted with a threaded cap. As above, 0.05 ml of 100 percent ethanol was added directly onto the filter surface followed by a slightly larger PTFE rod. Ten ml of 10-4 N HCl was added to the Teflon container, closed 0 tightly, and then placed in an oven at about 85 C for one hour. The sample was allowed to cool to room temperature, after which the entire leachate was poured into a 50 ml pyrex beaker. Immediately following, 10 ml of 8.5 N HCl was added to the leachate to obtain a final normality of 4.25 N HCl in 20.0 ml. The sample remained in the pyrex beaker up to several hours until the entire volume (20.0 ml) was added to the reaction flask. The sample was then analyzed for As(III) and As(V) by the Zn-NaBH 4 procedure described below.
In the Zn-NaBH 4 analysis procedure, As (III) and As(V) were efficiently separated in a two-step reduction process from a single sample aliquot in a solution of HCl.
In the first reduction step, a slurry of Zn metal powder was used to reduce As(III) to arsine (AsH 3 ).
Immediately following the end of the first reaction, NaBH 4 was used to reduce As(V) to AsH 3 • The arsine produced during each step was detected in an N 2 -H 2 air-entrained flame of an atomic absorption spectrophotometer (Model 3030, Perkin-Elmer Corporation). A complete description of the apparatus and experimental conditions used can be found in h 1 . 12 t e 1terature. When employed by this laboratory, the above procedure resulted in a routine (day-to-day) analytical detection limit for either species of about 25 ng. The direct analysis of aqueous arsenite and arsenate mixed standards by this method resulted in a precision for the analysis of As(III) and
As(V) of 11 and 9 percent, respectively, at 100 ng of each species, and 2 and 4 percent, respectively, at 500 ng of each species.
Total Arsenic.
A procedure (Method 107) developed by the GARB's
Haagen-Smit Laboratory was used for the analysis of total arsenic • 18 In this procedure, one quarter of a glass fiber filter was sectioned and placed into a 100 ml graduated mixing cylinder to which 50 ml of 0.5 N HN0 3 was added. The cylinder and contents were placed in an ultrasonic bath (450 watts) for 1 hour at about 70°C. After that time, 50 ml of deionized, metal-free water was added, and the contents were leached for a second hour. The sample was filtered and a 0.02 ml aliquot was analyzed for total arsenic by graphite furnace atomic absorption spectroscopy (Model 3030, Perkin-Elmer Corporation).
Standards and Reagents. Arsenic(III) standards were diluted daily from a Results and Discussion Two sample preparation methods (A and B) for the dissolution of arsenite and
arsenate from PTFE filters were tested to obtain the most sensitive, accurate, and reproducible results. Method A was the original semimicro procedure developed by Solomon 12 , while a slightly modified procedure, Method B, was used to leach a larger portion of the collected filter.
The effect of the amount of ethanol pipetted directly onto the PTFE filter surface, prior to leaching the sample, was studied for both preparation procedures. For Method A, improved recoveries for each arsenic species (i.e., about equal to the amount of arsenic added to the filter) were observed when ethanol ( 0. 05 ml) was added to unexposed filters, relative to when no ethanol was employed. This was similar to results observed by Solomon. 12 Different observations were found when Method B was used. In this case, the best recoveries (i.e., approximately equal to the amount of arsenic added to the filter) were obtained when no ethanol was added to the unexposed filter. As the amount of alcohol pipetted onto the filter surface was increased from 0.05 to 0.2 ml, the amount of As(III) observed decreased to less than 10 percent, while the amount of As(V) observed increased to about 150 percent. A mass balance of the two arsenic species suggested that when Method B was employed As(III) was being oxidized to As(V). Table I reports results for a limited number of experiments, comparing the recovery of standards added to unexposed filters for Methods A and B. In each case, an aqueous standard containing equal amounts of As(III) and As(V) (in the range of 200-600 ng) was pipetted directly onto the filter surface. As can be seen, excellent recoveries were obtained for Method A. For Method B, As(III) recoveries were lower than expected, whereas As(V) recoveries were higher.
These results suggested that a fraction of As(III) was oxidized to As(V) during the sample preparation and analysis steps. As discussed previously, the observation of this effect for Method B may have been due to the addition of the ethanol, since 0.05 ml of ethanol was used in these recovery experiments.
Aqueous standards, similar to those added to the unexposed filters, were also directly pipet ted onto the particles of collected filters. These filter samples were analyzed by Method A. The average recovery of As(III) and As(V) (including both the fine and coarse aerosol fractions) was 79 ~ 22 percent, respectively. These results suggested that the complex matrix of collected particulate matter may slightly affect the measurement of the individual arsenic species. Similar results (i.e., a slight change, up to about 20 percent) have been previously reported. 12 Therefore, to obtain the most accurate results, the method of standard additions can be used to compensate for these small changes.
Results obtained from the two types of recovery experiments (i.e., recoveries from unexposed and collected filters) can be used to estimate the precision for the combined sample preparation and analysis procedure (Method A).
The estimated error for As( III) and As(V) in both size fractions ranged from about 8 percent for unexposed filters to about 23 percent for filters containing particles. The larger error obtained from loaded filters was most likely due to the effect that variations in the complex matrix of the collected particles can have on the analysis of As(III) and As(V).
Concentrations of arsenic [sum of As(III) and As(V)] measured in total suspended aerosol (i.e., total TSA arsenic) collected by the HVDVI (sum of fine and coarse fractions) and the standard high-volume sampler are presented in Table II . Samples collected by the HVDVI were analyzed according to Method A, while those collected by the standard high-volume sampler were analyzed by the 18 total arsenic procedure (CARB method 107).
As can be seen in Table II, Table III presents the As(III) and As(V) concentrations (ng m-3 ) measured in the fine and coarse particle fractions collected in the City of Industry from 12
January to 3 February 1987. All analyses were performed using sample preparation and analysis Method A. Arsenic( III) was observed on all but two filters in the fine particle fraction, while it was above the detection limit on only about half the collected coarse particle samples. Arsenic(V) was measured on about 85 percent of the collected coarse and fine particle samples. On the average, approximately 25 percent of the As(III) and 42 percent of the As(V)
were observed in the coarse particle fraction. This is a larger fraction then one would typically expect if the major source of arsenic, in the Los Angeles area, was from high temperature combustion processes 9 (i.e., these sources predominantly emit As(III) as gas phase As 4 o 6 9 • 10 ) and if only gas-to-particle conversion processes were occurring. However, arsenic(III) oxide may be behaving similar to the gas phase precursors of particle nitrate and sulfate [i.e., the oxyacids of nitrogen (e.g., NO, N0 2
) and sulfur (e.g., so 2 ) respectively] both of which exhibit coarse particle modes in the South Coast Air Basin.
The ratio of As(III)/As(V) is also presented in Table III for each sample.
The average of this ratio was greater than one for the fine particles and slightly less than one for the coarse particles. For samples where both species were above their minimum detectable level, the As(III)/As(V) ratio ranged from about 0. 5 to about 2. 9 in both the fine and the coarse particle fractions.
These results are somewhat different from those obtained in Tucson, Arizona. 12
In that study, the average As(III)/As(V) ratio observed in total suspended particulate matter, collected by a hi-vol sampler employing quartz fiber filters, was about 0.3 with a range from less than 0.04 to 0.97. These differences were most likely due to the impact of the various sources in the surrounding areas, on the age of the aerosol measured at the sampling sites, and/or on the rate at which As(III) was oxidized in the atmosphere (i.e., variations in the effective oxidation potential of the atmospheric environment).
A recently developed method for the determination of inorganic species of arsenic (arsenite and arsenate) in atmospheric particulate matter was applied to aerosols collected in the Los Angeles area.
Fine (< 2.5 ~ AD) and coarse (< 2.5 ~m AD) particle samples were collected in the City of Industry by a high-volume dichotomous virtual impactor (HVDVI). The use of this sampler allowed for the collection of a sufficient amount of sample so both As(III) and
As(V) could be routinely detected in both size-fractions. In addition, use of the HVDVI, instead of the comercially available low-volume virtual dichotomous impactor, allowed for replicate analyses on individual filter samples. This is important, since more accurate results for the analysis of As(III) and As(V) can be obtained by applying the method of standard additions.
After sample collection, a section of each filter was leached in 10-4 N HCl for one hour at 85°C. The concentrations of As(III) and As(V) were then determined from a single sample aliquot by a two-step reduction procedure employing Zn metal powder and NaBH 4 • The arsenic produced during each reduction step (arsine) was then detected by flame atomic absorption spectroscopy.
Results obtained from recovery experiments, where arsenic standards were directly added to unexposed and collected filters, indicated this method can be used to quantitatively determine concentrations of As(III) and As(V) in atmospheric particulate matter samples collected in the Los Angeles area. In addition, comparison of total TSA arsenic determined by the speciation method to that measured by a routine GARB approved method showed good agreement. These results indicated the two methods were approximately equivalent for the monitoring of aerosol arsenic.
Size-fractionated aerosol samples were collected in the City of Industry and analyzed for their concentrations of As( III) and As(V). A greater portion (about 75 percent) of both species was found in the fine particle fraction of the aerosol. The average As(III)/ As(V) ratio observed in both the fine and coarse particle fractions was close to 1 (i.e., an equal mixture of the two species).
For both particle size ranges, the As( III) I As(V) ratio varied from about 0.5 to about 2.9.
The presence of both inorganic arsenic species (i.e., arsenite and arsenate)
in atmospheric particles suggest it may be possible to use a measurement of the As(III)/As(V) ratio, in collected ambient aerosols, as an indicator of the effective reduction-oxidation conditions present in the atmospheric environment.
In addition, the chemical and physical information obtained from speciation measurements of this type will certainly help to more thoroughly evaluate source and sink strengths and to gain a better understanding of the complex geochemical cycles of arsenic and other related species in the environment. b. 200-400 ng of As(III) and As(V) added; n=12 c. 100-600 ng of As(III) and As(V) added; n=4 c. Sum of both arsenic species in the fine and coarse particle fractions. Values not corrected for 10 percent flow through coarse particle filter, see reference 15.
Includes less than values as equal to the detection limit indicated.
